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An Environmental Resource sponsored by HQ Air Force Center for Environmental Excellence

Phytoremediation

I ntroduction

The Air Force has developed the Environmental
Restoration Program to identify, investigate, and
cleanup environmenta contamination associated with
past activities. Therearevarioustechnologiesavailable
to addressremediation of contaminated Sites, onesuch
method isphytoremediation.

Phytoremediationisabiologicd processinwhichliving
plants are used to remove, accumulate, degrade, or
contain environmental contaminants. Thispassive
remediation techniqueisbased onthe natural ability
of vegetationto utilizenutrients, which aretrangported
by capillary action from the soil and groundwater
through aplant’sroot system. The use of aplant’s
own biological mechanismsto contain and reduce
concentrationsof inorganic and organi ¢ contaminants
insoils, sediments, and groundwater isad ow process
relying on a plants growth rate. However, with
advancesin biological, chemical, and engineering
technol ogies, phytoremediation hasthe potential to
serve asasustained, ecol ogically sound method to
remediate contaminated soil and groundwater.

Biological Mechanisms

Inadditionto transporting nutrients, certain plantsare
capableof trangporting environmenta pollutantssuch
as metals, radionuclides, chlorinated solvents,
petroleum hydrocarbons, and ammunition wastes
through biologica means.

- Hydraulic Control or phytohydraulics - the
useof aplant’sroot systemto contain contaminant
migration andinfiltration by creastingahydraulic
barrier, which also provides avegetative cover
that reduces contaminant exposure.

- Phytoextraction or phytoaccumulation - the
use of a plant’s root system to extract and
transport inorganic contaminantssuch asmetas
or radionuclidesfrom soils, whichaccumulatein
aboveground plant tissue.

- Rhizofiltration - theuse of aplant’sroot system
to absorb inorganic contaminants dissolved in
groundwater, which accumulateinaplant’sroots.

- Phytostabilization - the use of a plant’s root
system to precipitate and absorb inorganic
contaminantsfrom soilsand groundwater, which
accumulatewithintheplant’sroots.

- Phytodegradation or phytotransformation -
theuseof aplant’sroot systemto extract organic
contaminants such as solvents, pesticide and
herbicideresidues, and hydrocarbonsfrom soils
and groundwater, which degradewithintheplant.

- Rhizodegradation, also known
rhizosphere biodegradation,
phytostimulation, or plant-assisted
bioremediation - is a result of a plant’s root
system releasing chemical sthat enhance organic
contaminant biodegradation by soil
microorganisms.
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- Phytovolatilization - the use of a plant’s root
system to extract and transport organic
contaminantsfrom groundwater to theleavesthat
transpire, evaporate, or volatilizethe contaminants
into theatmaosphere.

Site & Plant Selection

Phytoremediationisnot applicableat al contaminated
sites. Thisremediation techniquerequiresalargeland
area that has low to moderate contaminant
concentrationswithin shallow soilsand water table.
Generdly, phytoremediationislimited towithin 3feet
of the surfacefor contaminated soilsand within 10 feet
of thesurfacefor contaminated groundwater.

Aside from site conditions, phytoremediation is
dependent on selecting theright plant for contaminants.
Plants are complex systems whose biological
mechani smsare dependent on various environmental
factors, however, afundamentd traitin selecting aplant
for phytoremediationisan expandveroot sysem. Other
plant selection parametersincludetherate of plant and
root growth, whether aplant freely transpires, andif a
plant is suitable for the local environment and the
contaminant of concern.
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Fate of Contaminants

Onceplantsextract environmental contaminants, these contaminantsare either broken down by the plant
into non-hazardous substances or concentrated within plant tissues. Concentration of contaminantsin plant
materia givesriseto thepossibility of animalsand insects consuming the contaminated materia thereby
introducing contaminantsinto thefood chain.

Todate, thereislimited information regarding thisissue dueto the complex biologica mechanismsinvolved.
However, remedial sitesimplementing phytoremediation aretaking measuresto restrict grazing animals
and birdsby erecting fencesand overhead nets. In addition, biodegradable pesticides are used to eliminate
rodentsand insects, and plantsare harvested prior to seeding or flowering, which limitsthe avail ability of
food.

Har vesting/Disposal

To sustainviableplant popul ationsand operation of the system, plant materia must occasiondly be harvested.
Harvested plant tissue, which hasmetaboli zed and accumul ated environmental contaminantsrequirestesting
todetermineif thetissueishazardous. If testing confirmsharvested materid hasmetabolized the contaminant
into non-hazardous substances, the plant material can be mulched or composted and reused on site.
However, if the plant has accumul ated contaminants and testing indi cates plant tissues are hazardous, then
those tissues which are hazardous (roots, stems, leaves, etc.) must be disposed of as such. Although
harvested plant materia may be considered hazardous, phytoremediationisacost effective remediation
method, which causeslittle environmental disturbancewhile successfully reducing soil and groundwater
contaminants.

Additional I nformation...

- Contact PROACT at DSN 240-4240 or visit us at http://www.af cee.brooks.af.mil/pro-act/PRO-
ACThome.asp.

- TheEnvironmenta Restoration Divison, Air Force Center for Environmenta Excellence(HQAFCEE/
ER), DSN 240-3383 or http://wwuw.af cee.brooks.af .mil/products/rpo/default.asp.

- TheTechnology Innovation Office, EPA, webs tewhi ch providesinformation on remediation trestment
technologiesat http://www.epa.gov/tiol.

Fact sheets are produced by PROACT, a service of the Headquarters Air Force Center for
Environmental Excellence (HQ AFCEE/TDE), Brooks-City Base and are intended as general
guidancetoinformAir Force personnel. Thisfact sheet doesnot, nor isintended to, specify all

federal, state, Department of Defense, or Air Forcerequirements. Visit PROACT on theweb at
http: //mww.brooks.af.mil/pro-act or contact usat DSN 240-4215, (800) 233-4356, or by e-mail

at pro-act@brooks.af.mil.
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